Alfalfa (Medicago spp.) plays an important role in a farming system and contributes to stabilization of the ecosystem by improving soil physical, chemical and biological properties. However, the use of alfalfa is limited due to its susceptibility to edaphic conditions. The objective of this study was to evaluate the agro-biological traits of alfalfa under different soil conditions. Field experiments were carried out in two locations with optimised management. Agro-biological traits of 46 alfalfa (Medicago sativa L. and M. varia Marth.) accessions of different geographic origin were assessed in a high productivity Endocalcari Epigleyic Cambisol. Although environmental conditions were favourable for alfalfa development and growth, the tested genotypes significantly differed in agro-biological traits: plant height of regrowth in spring and after cuts and at flowering period as well as seed yield. Cultivars from colder climate countries (Estonia, Latvia and Lithuania) were the least affected by the downy mildew. In a low productivity acidic Bathygleyic Dystric Glossic Retisol, the pH had a major influence on the distribution of the root system of alfalfa-grass mixture. During the first experimental year, in the naturally highly acidic soil (pH 3.9), where the mineral nutrition was unfavourable, alfalfa produced longer roots, their diameter and mass were larger than in the soil with a pH of 5.0. In the third year of cultivation, in the naturally highly acidic soil only 9.1% of alfalfa plants had survived. A strong correlation (r = 0.873, P < 0.01) was determined between the amount of alfalfa in the dry matter yield and soil acidity.
Introduction
Alfalfa (Medicago spp.) is the largest cultivated forage crop in the world (Zeinab et al., 2014) . It is grown for hay, silage and grazing as a valuable crop characterised by a high nutritional quality, abundant biomass production and broad adaptability to a wide range of cultivation conditions as well as by favourable impact on the environment. It exerts positive effects on soil fertility and structure and prevents soil erosion (Bouton, 2012; Sabanci et al., 2013) . It is widely adaptable to diverse environmental conditions partly because of its deep root system and the ability to fix atmospheric nitrogen in symbiosis with Rhizobium meliloti. As a perennial plant, alfalfa is characterised by a wide genetic variation for adaption to specific growth conditions that can be exploited to widen substantially the adaption and utilization (Annicchiarico, Pagnotta, 2012) .
Alfalfa mixtures with Poaceae grasses have an advantage over pure crops. Such mixtures form a good sward, more intensively restore soil structure, produce higher yield during droughts and compete better with weeds than pure alfalfa (Daugėlienė, 2010) .
Soil acidity is one of the most important factors limiting crop production worldwide. It has been estimated that approximately 40.0% of arable land and 70.0% of nonagricultural soils in the world have a high level of acidity (Filiz, Meral, 2007; Dugalić et al., 2012) . Acidic soils are often associated with a high concentration of aluminium (Al) ions.
According to the world distribution of acid soils, Lithuania falls into the northern belt in the cold humid temperate zone. Less productive soils -moraine loamy Retisols -in Lithuania account for about 8% of the country's total soil area. Retisols have a low buffering capacity and sorption, resulting in fast acidification, loss of nutrients and water reserves (Repšienė, Karčauskienė, 2016) .
Acid soils are the major barrier to agricultural production due to the direct effects of pH on the root environment and plant growth (Tomchuk, 2018) . Acidity restrains root growth and, consequently, the uptake of water and mineral nutrients. The top soil layer, containing more organic matter, is dominated by H + , Please use the following format when citing the article: Liatukiene A., Skuodiene R., Tomchuk D., Danyte V. 2020. Evaluation of agro-biological traits of Medicago sativa and M. varia in a Cambisol and Retisol. Zemdirbyste-Agriculture, 107 (1): 41-48. DOI 10.13080/z-a.2020.107.006
while Al toxicity is more evident in the layer beneath.
In an acid soil plants become stressed, and the state of stress becomes evident from such negative symptoms as slow growth, weak tillering, crop thinning, delay in various development stages and susceptibility to diseases (Goulding, 2016; Wang et al., 2016) .
Alfalfa plants are subject to attacks of fungal diseases which affect survival of healthy plants causing considerable yield losses (Morsy et al., 2011) . Root plasticity plays an important role in plant adaptation to heterogeneous environments. Plants exhibiting rapid and highly plastic responses in root growth and development may be at a selective advantage, because they can rapidly utilize the available resources. Although the relative importance of altered root morphology (density, length, hairs, etc.) vs uptake kinetics is still debatable, it seems clear that many plant species are capable of rapidly adjusting both their morphology and physiology in the acquisition of limiting essential resources that become available in a localized patch of soil (Huang, Eissenstat, 2013) . Difference in root distribution is a factor influencing the extent to which plants are able to tolerate moisture stress, but it may also have beneficial effects on soil porosity delivering ecosystem services (Marshall et al., 2014) .
Planting Al-tolerant cultivars in combination with liming is the most promising approach to improvement of alfalfa production on acid soils (Rahman et al., 2018) . Avci et al. (2010) recorded significant differences among alfalfa lines and cultivars in dry matter yield and quality traits. Agro-morphological traits have been used to classify and study the genetic diversity in alfalfa germplasm collections (Tucak et al., 2014) .
We hypothesized that in a high productivity Endocalcari Epigleyic Cambisol, where environmental conditions are favourable for alfalfa growth, the characteristics such as stem density, stem thickness, height, herbage yield and seed yield will be more pronounced. In a low productivity naturally acidic Bathygleyic Dystric Glossic Retisol, alfalfa development and agro-biological traits will be affected by soil pH and mobile Al content. The root mass will develop most intensively during the second year of growth of alfalfa and grass sward. More diverse uses of alfalfa and its mixtures in the soils of different acidity would be a precondition for the development of aluminous grasses in Lithuania.
The aim of this study was to evaluate the agrobiological traits of alfalfa in different soil conditions.
Materials and methods
Site and soil description and experimental design. Agro-biological traits of alfalfa (Medicago spp.) accessions were evaluated in the high productivity field (experiment I) of Lithuanian Research Centre for Agriculture and Forestry. Research was conducted at the Institute of Agriculture (in the central part of Lithuania, 55°23ʹ N lat., 23°51ʹ E long.) in the field of a six-course crop rotation of forage grasses in experimental years 2014-2017.
Cold and wet climate conditions prevail in the central region of Lithuania. The weather conditions of the experimental years were cold and wet in winter and very warm and humid in summer. During the study period, the average air temperature was −4.4°C in January and +18.0°C in July. The average annual precipitation was 591 mm in 2014 and 713 mm in 2017 ( Table 1) .
The soil of the experiment I site was Endocalcari Epigleyic Cambisol (WRB, 2014). Physico-chemical properties of soil: texture -light loam, pH 7.2-7.5, mobile P 2 O 5 201-270 mg kg -1 and K 2 O 101-175 mg kg -1 , organic carbon (C org ) 1.47%, total nitrogen (N tot ) 0.14-0.16%. Alfalfa nursery was established after a black fallow without a cover crop within the first ten-day period of July in 2013. A complex phosphorus (P) and potassium (K) fertiliser was applied once before sowing at a rate of P 60 K 90 . Each accession was sown at a rate of 0.2 g scarified seed per 1 meter in two 5-metre long rows in four replications with a special hand-sowing machine Plomatic 1R (Wintersteiger, Austria). The distance between the rows of a line was 0.5 m, between different accessions -1.0 m. The field area of sowing of one accession was 2.5 m 2 . The field area of one replication was 2760 m 2 .
The experimental material included 46 accessions (populations and cultivars) of (Medicago sativa L. and M. varia Marth.) of alfalfa of different geographical origin: 26 accessions from Lithuania, 3 cultivars from Estonia, 1 cultivar -from Latvia, 9 cultivars -from Romania, 4 cultivars -from Czech Republic, 2 cultivars -from Slovakia and 1 -from Poland. Breeding nurseries of alfalfa were assessed in 2014-2017. The breeding nursery was evaluated for spring regrowth (SR), two weeks after resumption of vegetation and after each grass regrowth of the 1 st and 2 nd cuts (1R and 2R), measured plant height (cm), plant height (PH) before flowering (cm) of the 1 st , 2 nd and 3 rd cuts (1PH, 2PH and 3PH). The plant height in spring regrowth after resumption of vegetation and before cuts in each treatment plots were measured for 30 plants in four replications. The plants were cut three times in each experimental year at an early flowering growth stage (10.0% flowers). For determining dry grass content, fresh samples (500 g) of randomly chosen plants were taken from each plot, dried at 105°C and weighed. Agro-morphological traits: stem density (SD), plant luxuriance (PL), leafiness (L) and stem thickness (ST), were measured on a 1-9 score scale (9 being the best value) at flowering time. The agro-morphological traits were estimated by visually scoring each treatment plot in four replications. The seed yield (SY) (kg ha -1 ), fresh matter and dry grass yield ( The area under the disease progress curve (AUDPC) of downy mildew and SBSLS was calculated as the total area the graph of disease severity against time, from the first scoring to the last:
where t is time in day of each reading, y -the percentage of affected foliage at each reading, n -the number of readings (Simko, Piepho, 2012) .
For the assessment of alfalfa-grass mixture's below and above ground phytomass development in a low productivity acidic soil, experiment II was established in 2014 at the Vėžaičiai Branch of Lithuanian Research Centre for Agriculture and Forestry (in the western part of Lithuania, 55°70 N lat., 21°49 E long.). The western region of Lithuania is strongly influenced by
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the maritime climate and is characterized as moderately warm and humid. In comparison with the other regions, the amount of precipitation is the highest there. During the study period, the average air temperature was −3.1°C in January and +17.6°C in July. The average annual precipitation was 986 mm and ranged between 720 mm in 2014 and 1276 mm in 2017 (Table 1) . The soil of the experiment II site was Bathygleyic Dystric Glossic Retisol (WRB, 2014) with a texture of medium heavy loam. Before the experiment establishment in the autumn of 2013, the soil was treated once with dolomitic lime. The content of calcareous material was calculated on the basis of hydrolytic acidity and lime was applied at a rate of 1.0 (7 t ha -1 CaCO 3 ). Due to the liming, the soils differed in acidity. The indicators of agrochemical properties of soils in the 0-10 and 10-20 cm layers at the beginning of the experiment are presented in Table 2 .
The mixtures of alfalfa and Poaceae grasses were sown with the cover crop of spring barley cultivar 'Luokė'. The composition of mixtures: alfalfa 50.0% + timothy-grass 35.0% + common meadow-grass 15.0%. The alfalfa cultivar 'Birutė' chosen for the field experiments was of local origin, productive and winter hardy. Cultivars of perennial grasses and seed rate: alfalfa (Medicago varia Marth.) 'Birutė' -12 kg ha -1 , timothy-grass (Phleum pratense L.) 'Dubingiai' -10 kg ha -1 , common meadow grass (Poa pratensis L.) 'Rusnė' -10 kg ha -1 . In the year of grass sowing (2014), the cover crop was fertilised with N 60 P 60 K 90 . The mixture was sown on 26 th of May 2014, across the barley rows. Before and after sowing the soil was rolled. Sowing was performed with a seeding machine Saxonia A-201 (VEB Saxonia, Germany). The experiment was established in four replications. The treatments were laid out randomly. The trial field area was 3.0 × 8.0 m = 24 m 2 .
Soil samples for chemical analyses were collected from the 0-10 and 10-20 cm layers with a drill from each treatment's four replicated plots. Soil agrochemical characteristics were determined by the following methods: the soil pH KCl Samples of the belowground phytomass (roots) were collected at the end of vegetation. Mass was determined by the quantitative measuring method: the roots were dug in two places of each plot with a cylinder having an area of 78.5 cm 2 from the 0-10 and 10-20 cm soil layers, washed with running water through a 0.25 mm mesh, air-dried and weighed (Rosário et al., 2000) . The plots were sprayed with the herbicide Basagran 480 (a.i. bentazon 480 g l -1 ) 2 l ha -1 when after germination alfalfa had reached the height of 10 cm in 2013. The insecticide Mavrik 2F (a.i. tau-fluvalinate 240 g l -1 ) 0.15-0.20 l ha -1 was applied when pests had reached harmful levels.
Statistical analysis. The significance of the differences between the experimental treatments was evaluated by the one-factor analysis of variance (ANOVA) (Raudonius, 2017) . The years and accessions interaction was evaluated by the two-factor ANOVA. The significance of the differences between the averages was determined by the least significant difference (LSD 05 ) with 95% and 99% probability levels (P < 0.05 and P < 0.01). All the data presented are the mean values of three independent sets of experiments (± standard error, SE).The relationships among the characteristics were evaluated using the correlation-regression analysis method with the statistical program SAS Enterprise Quide, version 7.13 (SAS Institute Inc., USA).
Results and discussion

Evaluation of development of alfalfa plants in Cambisol.
The ANOVA for agro-biological traits is shown in Table 3 . The year effect was also highly significant for all the components.
Significant differences (P < 0.01) were determined between alfalfa cultivars and breeding materials in all investigated traits (Fig. 1) . The year and accession interaction effect was also highly significant for all components. These interactions showed that accessions of alfalfa significantly differed in resistance to diseases, seed, fresh matter and dry grass yields, morphological traits in all experimental years.
The warm and dry weather conditions in 2014-2015 were more favourable for seed productivity. The seed yield was 312.1 kg ha -1 in 2014 and 814.6 kg ha -1 in 2015 ( Fig. 1B) . According to the average experimental data from four years of variety testing, 'Žydrūnė' produced a higher (1.8 times) seed yield compared with the average seed yield. Therefore, 'Žydrūnė' produced 1.3 times lower seed yield (532.4 kg ha -1 ) than 'Skriveru' . The dry grass yield and fresh matter yield were similar in all experimental years and ranged 46.3-53.7 t ha -1 and 11.0-13 t ha -1 , respectively (Fig. 1B) .
According to the average experimental data from four years of variety testing, cultivars from Romania, Lithuania, Estonia and Latvia produced a higher dry grass yield compared with average of all years -1.1 and 1.2 times, respectively. Accessions of alfalfa differed in stem density, plant luxuriance, stem thickness and leafiness (Fig. 1A) . Also, accessions of alfalfa significantly differed in regrowth rate during spring, after cuts and plant height at flowering time (Fig. 1D ). Cultivars from Czech Republic and Slovakia differed in plant regrowth height during spring and regrowth height after cuts. Cultivars from Lithuania, Czech Republic and Slovakia significantly differed in plant height at flowering time, and plant height of the 1 st cut ranged 101.2, 106.2 and 101.7 cm, respectively. SSCR developed very slowly in the accessions. Accessions of alfalfa were very resistant to SSCR (ranged 2.9-3.5 score) in all experimental years (Fig. 1A) , because the weather conditions were warm and wet during winter period.
SBSLS caused by Phoma medicaginis var. medicaginis is one of the most damaging diseases in Europe (Mrabet et al., 2011; Djebali, 2013 ). This disease is extremely harmful under the wet cool temperate climate of Lithuania; it alone can destroy whole plant (Rashidi et al., 2009 ) and all seed yield (Liatukienė, 2012) . SBSLS quickly spread during spring-summer period in all experimental years, because the weather conditions of this period were very wet and warm. The accessions of alfalfa distinctly differed by resistance to SBSLS. Cultivars from Lithuania were the least damaged by SBSLS (AUDPC value was 1424.5). Disease development was more or less evenly progressive in the genotypes. AUDPC value was similar during Evaluation of agro-biological traits of Medicago sativa and M. varia in a Cambisol and Retisol 2014-2017 period; in seed field (SBSLS I) ranged from 797.6 to 2251.2 and in grass field (SBSLS II) -from 560.3 to 798.2 (Fig. 1C) . A broad range of reaction was determined between SBSLS II AUDPC value and other traits ( Table 3) .
The highest positive impact of SBSLS II was found in plant regrowth height after the 1 st cut (r = 0.714, P < 0.01). It correlated negatively with fresh matter and dry grass yields (r = −0.631, P < 0.01). High positive impact of SBSLS I was found on fresh matter yield (r = 0.706, P < 0.01), medium positive on dry grass yield and stem thickness (r = 0.696, P < 0.01 and r = 0.629, P < 0.01). Analysis of correlation of SBSLS AUDPC value with traits showed mainly negative impact of the disease on alfalfa productivity. Some traits that correlated positively can be explained too. Also, positive and negative reactions to Phoma medicaginis were observed in the stem thickness, plant luxuriance and leafiness (r = 0.416, P < 0.01, r = −0.477, P < 0.01 and r = −0.479, P < 0.01) ( Table 4 ). These observations comply with the data across the world (Rashidi et al., 2009 ). Table 3 ; **, * -significant at 0.05 and 0.01 level Downy mildew, caused by Peronospora trifoliorum de Bary, is a harmful disease of alfalfa in the temperate climate areas. One of the specific features of the disease is the ability to overwinter in plants and develop after the beginning of vegetation. Usually it damages the top of the plant. Top damage of plants has highly negative impact on for seed production even under the relatively low disease severity in all susceptible accessions. The most efficient means for disease control is to grow resistant cultivars (Nagl et al., 2011) . The downy mildew spread quickly due to cold and rainy weather conditions in spring period in 2014-2015. However, SBSLS developed very quickly in spring and summer period and it was not critical for seed yield in 2014-2015 (Fig. 1C) . The weather conditions were very dry and warm in June-August period and were favourable for seed production in 2014-2015. In 2016-2017, the seeds were not produced due to quick spread of SBSLS and weather conditions at flowering time (Fig. 1B) . However, the weather conditions were very favourable for downy mildew development. The rapid development of downy mildew was inhibited by SBSLS. The spring-summer period was moderately dry and rainy in 2016, but in 2017 it was very wet.
Explanations under
Previous investigations of alfalfa accessions with diverse geographical origin showed that accessions originating from different regions were more susceptible. Accessions that are more resistant usually originate from regions with similar climate (Kamphuis et al., 2008) . In our research it was determined that cultivars from Estonia, Latvia and Lithuania were the least damaged by downy mildew in the grass and seed fields. Downy mildew in seed and grass fields (I and II AUDPC values) moderately negatively and positively influenced agro-morphological traits: stem density, plant luxuriance, fresh matter and dry grass yields, plant height of the 1 st and 2 rd grass regrowth and plant height at flowering time, before the 2 nd and 3 rd cuts. Correlation coefficients ranged: r = 0.512, P < 0.01, r = 0.747, P < 0.01, r = −0.59, P < 0.01 and r = −0.688, P < 0.01, also the highest positive strong correlations were determined between diseases (r = 0.703, P < 0.01; r = 0.869, P < 0.01) ( Table 4 ).
Analysis of correlations of downy mildew I and II AUDPC values with traits showed mainly negative impact of the disease on alfalfa productivity. The results showed that the cultivars of alfalfa significantly differed in agro-biological traits, especially resistance to fungal diseases, fresh matter and dry grass yields. The cultivars of colder climate conditions were more distinguished by resistance to SBSLS and downy mildew, better fresh matter and dry grass yields. The Lithuanian cultivar 'Birutė' showed better resistance to diseases and fresh matter and dry grass yields compared with other cultivars. Cultivar 'Birutė' was similar in agro-biological traits with other Lithuanian cultivars.
Evaluation of development of alfalfa cultivar 'Birutė' in Retisol. When evaluating alfalfa as a multifunctional plant, one of the most important tasks was to study the peculiarities of its development in a naturally acidic soil during the sowing year (2014). The development of plants during the sowing year is the main factor determining the productive age of perennial grasses, especially in an acidic soil (Daugėlienė, 2010) . In the year of sowing, perennial grasses are sensitive: they grow slowly during the period the root system develops. Franco et al. (2011) points out that a well-developed root system can be beneficial to plant growth and define the plant's ability to absorb water and nutrients. The hybrid Lithuanian alfalfa cultivar 'Birutė' chosen for the field experiments was productive and winter hardy in Cambisol (Svirskis, 2002) . The growth and development of 'Birutė' at different stages depended on the environmental conditions (soil pH, the amount of Al 3+ in the soil, meteorological conditions and effect of cover crop).
In low productivity and acidic soils, the distribution of alfalfa roots in the soil depths depended on soil pH, Al 3+ content and plant age. In the soil with pH 5.5, alfalfa emerged 7 days earlier than in the soil with pH 3.9. Non-adapted to environmental conditions alfalfa individuals disappeared in acidic soil. The roots of alfalfa at 1-2 true leaf stage in the soil with pH 5.0 were 5.4% shorter and root mass of individual plant was 5.2% lower compared with alfalfa grown in the naturally acidic soil (Figs 2 and 3) . their mass (r = 0.634, P < 0.01 and r = 0.572, P < 0.01, respectively). During the alfalfa's 2-6 true leaf stage the soil acidity had no significant influence on root length and mass. During the period from 1-2 to 2-6 true leaf stage, in both limed and unlimed soil, the roots of alfalfa grew similarly (Figs 2 and 3 ). Since spring barley in the acidic soil was very scattered and short, due to lower competition of alfalfa with the cover crop, the height and mass of the aboveground shoots of individual plants were significantly higher (29.2% and 7.6%) in the soil with pH 3.9 compared to the soil with pH 5.0.
During the formation of the lateral shoots, alfalfa roots developed vigorously, their mass increased almost twice in the soil with pH 5.0 and 3.1 times in naturally acidic soil. Since meteorological conditions during this period were favourable, the aboveground shoot height increased up to 10.39 cm in the soil with pH 5.0 and up to 4.67 cm in naturally acidic soil. The shoot mass was similar in both soils. During this development period, alfalfa morphological parameters closely correlated with each other (Table 5) .
At the end of vegetation, when the roots of alfalfa had reached a layer of soil below 10 cm in naturally acidic soil, adverse growth conditions were determined due to higher amount of Al 3+ (Table 2 ). In the soil with more favourable nutrition conditions, alfalfa roots increased by 20.0%; however, in the naturally acidic soil the roots increased by only 2.5% because of high Al +3 concentration (89.44 mg kg -1 ) at a depth of 10-20 cm. The literature states that the toxicity of Al +3 is recognized as a limiting factor of plant productivity in acidic soils (Čop, 2014; Repšienė, Karčauskienė, 2016) . Despite that, the height and mass of aboveground shoots of alfalfa's individual plants changed insignificantly. Statistically significant correlations between morphological parameters were established ( Table 4 ).
The correct selection of Poaceae grass for the mixture determines the productivity of alfalfa, as alfalfa is a slowly developing plant. In the year of sowing of alfalfa-grass mixture (2014), the root mass, diameter and total length were influenced by the soil pH. The highest root mass and total root length was determined when the soil pH was 3.9 ( Fig. 4 , Table 6 ).
When the nutrition conditions were more favourable (in the soil with pH 5.0 and low Al 3+ content) ( Table 2) , the root mass in the 0-10 and 10-20 cm soil depth was 2.3 times smaller (Fig. 4) , and the total root length was 1.2 and 1.4 times smaller compared to the soil with pH 3.9 ( Table 6 ). Alfalfa-grass mixture's root diameter in naturally acidic soil was found to be substantially lower: by 17.2% and 37.6% in the 0-10 and 10-20 cm soil depth, respectively, when compared to the soil with pH 5.0. It is likely that in the year of sowing, the growth of alfalfa roots in the soil with pH 3.9 was influenced by toxic Al 3+ ; the roots affected by it were thickened and short. Valle et al. (2009) indicate that higher concentrations of soil Al 3+ will result in abnormal growth of crops. During the second year, alfalfa-grass mixture's root development was intense (Fig. 4) .
The roots developed and grew faster in the soil with pH 5.0. Compared to the first year, in naturally acidic soil the total root mass increased by 4.0 times and in the soil with pH 5.0 -by 11.7 times. It was influenced Literature indicates that if the mineral nutrition is unfavourable, the plants develop longer roots and increase the mass of underground organs in search of nutrients (Holub et al., 2013; Skuodienė et al., 2017) . The presence of roots in certain layers is not necessarily equivalent to root activity. The presence of roots shows the potential of the plant access to different soil layers (Hoekstra et al., 2014) .
The acidity of soil solution is an important factor having the impact on plant nutrition, fertility and prevalence. Any kind of pollution causes stress for plants. Acid soils increase the solubility of heavy metals and the elution of nutrients (Grantz et al., 2003) . However, the height of alfalfa aboveground shoots and their mass were higher in soils, where the nutritional conditions were more favourable. In the soil with pH 5.0 a weak correlation (r = 0.463, P < 0.01) between plant height and root mass was observed. In both naturally acidic soil and in the soil with pH 5.0, the moderate correlation was determined between shoot height and Evaluation of agro-biological traits of Medicago sativa and M. varia in a Cambisol and Retisol by the change in the composition of mixture in naturally acidic soils: Poaceae grasses (timothy-grass and common meadow-grass) firmly established in the place of vanished alfalfa. In the third year of alfalfa growth, in naturally highly acidic soil only 9.1% of alfalfa plants remained. A strong correlation (r = 0.873, P < 0.01) between the amount of alfalfa in the dry grass yield and the soil acidity was determined. During the third and fourth years, when the sward was completely formed, the total root mass in the soil of different acidity increased similarly: 2.2 and 2.5 times in 2016, and 1.6 and 1.7 times in 2017, respectively.
The greatest share of alfalfa-grass mixture's root mass (80-97% of the total root mass at the 0-20 cm Figure 4 . Dynamics of development and growth of alfalfa-grass mixture roots Table 6 . Root diameter and total length of alfalfa-grass mixture in the first year of growth, 2014
Soil pH
Root diameter mm Total root length km m -2 0-10 cm 10-20 cm 0-10 cm 10-20 cm pH 5.0 1.102 0.776 0.318 0.071 pH 3.9
1.291** 1.068* 0.482 0.147 LSD 05 0.1430 0.2350 0.2990 0.2090 * and ** -significant at 0.05 and 0.01 level depth) was accumulated at the 0-10 cm depth. Root distribution in the soil depended on the soil pH and Al 3+ amount as well as the grassland age. In the first year of grassland growth, irrespective of the soil pH, 86.8% of the root mass was accumulated at the 0-10 cm depth and 13.2% -at the 10-20 cm depth. From the second year of growth, the root mass at the 10-20 cm depth was greater when the nutrition conditions were more favourable (when the soil pH was 5.0).
Conclusions
1. The crops of alfalfa (Medicago sativa L. and M. varia Marth.) were very productive in terms of fresh matter and dry grass yields: 51.6 and 11.9 t ha -1 , respectively. In Cambisol, alfalfa plants stood out by the agro-biological traits: stem density, stem thickness and leafiness in all experimental years. The average seed yield of alfalfa was 814.6 kg ha -1 in a very dry year. Downy mildew spread more rapidly in the spring period. Therefore, spring black stem and leaf spot (SBSLS) spread quickly in seed and grass crops in the warm and wet period of vegetation in all experimental years.
2. Growth and development of the alfalfa cultivar 'Birutė' at different stages depended on the environmental conditions: soil pH, the content of Al 3+ in the soil, meteorological conditions and effect of cover crop. In the sowing year (2014), in the low productivity and naturally acidic soil (Retisol), where the mineral nutrition was unfavourable, 'Birutė' produced longer roots, their diameter and mass were also larger than in the soil with pH 5.0. In the second year, alfalfa-grass mixture's roots developed rapidly: in the naturally acidic soil the root mass was 4.0 times and in the soil with pH 5.0 -11.7 times greater than in the first year sward. During the third and fourth years, when the sward was completely formed, the total root mass in the soil of different acidity increased similarly: 2.3 times in the third year and 1.6 times in the fourth year.
